In this research, Digital level (DL), Total station (TS) and GPS were used to assess accuracy and precision of the height component. Field observations were implemented in two tested areas. A reference network which consisted of 34 points on area1 and 10 control points on area2 which had been observed five times using Digital level, RTK-GPS and Total station (TS) where Digital level was considered as a base for comparison. Several known control points were used as check points to evaluate the accuracy of measurements. According to the obtained results, TS and GPS-RTK measurements were compared with the adjusted reference points measured by precise Digital level (DNA 03).
INTRODUCTION
Surveying has been an important factor in the development of the human environment for many centuries. It is a prerequisite requirement in the planning and implementation of nearly every form of construction. The significant development of surveying methods have added flexibility in data and information collection and enabled potentially a wider range of applications. Moreover, surveying techniques played a significant role in the progress of 3D coordinates of the point of interest whereby increasing its application. In many applications, the role of surveying has been intended to be used for better accuracy. The term accuracy is common in several applications to express the quality of observations, measurements and computations. Sjöberg (2012) , explained that the required accuracy depends on the need of achieving production which were divided into three categories such as low, medium and high accuracies. Low accuracy includes common navigation works on the sea, position and velocity in small scale geophysical exploration. Medium accuracy contains navigation in coastal waters, earthquake survey and hydrographic survey. The applications that require high accuracy are engineering construction projects, precise continuous height control, deformation monitoring and precise hydrographic surveying and etc. The accuracy of surveying methods used in this research, GPS, TS, Digital level, and aerial photos depend on a number of elements that limit the quality of measured data. For example: GPS positioning errors include satellite position, satellite clock, and receiver clock, signal delay due to troposphere and ionosphere, and multipath error as well as the limitations of receiver hardware and software (Amin, 2004) . Regarding the limitations from the total station (TS), the accuracy of measuring data is affected by distance limit, the shorter the distance the better the accuracy that can be achieved. Whereas the accuracy of digital level depends on the orthogonally of the barcode rods over the point of interest and the distance from the rod to the instrument. Finally, accuracy of aerial photos depend on the field of view, altitude and etc. i.e. images taken from nadir (vertical photos) is more accurate than oblique images. The accuracy of survey instruments have been investigated and assessed by many researchers. In the work of Lin (2004) the accuracy of GPS-RTK and total stations were tested. The results indicated that the positional accuracy of GPS-RTK was better than the TS, about 1.4 cm achieved when the GPS-RTK was used and the possibility of 1.6 cm was determined when TS was used. Ehsani et al. (2004) , tested a 0.5 square kilometer area with RTK-GPS, the base station and four reference points that had been established in the highest point of the selected area. Corrections for GPS signals were received in real time from a base receiver at a known position to all rover receivers' points. The results of their work show that a horizontal position accuracy of 1 cm was achieved by compensating for atmospheric delay (Ionosphere and troposphere), and other variable errors in GPS geometry. In contrast to GPS, TS can give better results in urban areas, due to the obstruction of satellite visibility such as urban canyon, tree canopy and tall buildings. These obstructions degrade the signal of GPS in those urban areas. In such cases TS are used, this was clearly shown in Borgelt S C. et al. (1996) . They reported that the accuracy of TS compared with RTK-GPS in open sky can give standard deviation about of 0.12 m in vertical position. While in obstructed areas, better accuracy was obtained using TS, which was below 0.5cm. Two areas, with good and poor GPS visibility were selected for assessing the quality of RTK. The result showed that the quality of RTK-GPS with good GPS visibility were better than obstructed areas (Abdulrahman, 2013) . Accuracy of different RTK-GPS instruments such as Leica, Topcon and Trimble, were tested on nine control points by Jonsson K.O. et al. (2003) , total station was also applied on the same points. The results achieved from GPS-RTK measurements in a horizontal and vertical components were (0.1 and 2) cm respectively. The work conducted by Ahmed (2012) , GPS-RTK with TS measurements were tested on a network implemented in the campus of Royal Institute of Technology (KTH), School of Architecture and the Built Environment, Stockholm, Sweden. The objective was to assess the RTK-GPS achievable accuracy, which tested the standard deviation of the observations under different satellites configurations and evaluated RTK-GPS achievements in urban areas. The test showed that the assessment of accuracy and precision of the RTK-GPS was accomplished by comparing the coordinates of the observed points with that of separately accurate ones using TS. The result indicated that the difference between the coordinates of the total station and RTK-GPS were found to be (2 and 3) cm for the horizontal and vertical coordinates respectively. While the results conducted by Chekole. (2014) on the same tested area were 1.8 cm for both horizontal and vertical coordinates. To sum up the aforementioned works, the limitation of GPS, TS and Digital level also have different time consumption in the field works. Therefore, the aim of this paper is to assess and compare precision and accuracy of the above survey techniques. The objective of this study is to focus on collecting data from field measurements using different surveying techniques: Digital level, Total station, RTK-GPS and extract linear measurements from orthophotos.
THE SURVEY INSTRUMENTS
The Global Positioning System (GPS) used was Leica viva GNSS receiver, Figure ( 1, a, which measures the incoming phase of the satellite signals to high levels of precision in repeated measurements (Kostov, 2011) . The Leica TS02, total station was used, Figure ( 1, b. The total station is a digital theodolite integrated with an electronic distance measurement (EDM) to read slope distances from the instrument to a particular point and reduce it to horizontal by observing the vertical angle. The Leica DNA03 digital level was also used, Figure ( 1, c, leveling with digital levels and barcode rods is the technique used to establish vertical control points. The accurate results were obtained when all systematic errors were controlled. Short sight lengths and balanced sights were the most limiting restrictions. 
WORK PLAN
1. Two areas were tested within the University of Duhok campus, area 1 was approximately flat and in the second area there were large variations in slopes. The natural point features were recognized well on orthophotos. The aim was to evaluate the accuracy and precision of the instrument survey used in this study to provide accurate horizontal and vertical position in such areas. 2. Several well identified points were distributed in two selected areas and their corresponding points appeared on orthophotos. For this reason an accurate reference height was created based on the first order vertical control point where the orthometric height was known with the aid of precise leveling procedure using Leica Digital level DNA03. The leveling procedure started from the first order point and closed to the control point (FP05). This point was established by Vossing German Company in Duhok region as illustrated in Figure ( 2. The height of all selected points in the two tested areas were compared with the GPS and total station. 3. Several known control points were used as check points for evaluating the quality of measurements. 4. Extracted linear features from orthophotos of the two selected areas were used for evaluating the accuracy of orthophotos compared to the GPS and TS. 
TEST AREA AND DATA COLLECTION
The study area is located in two test sites around the university campus, university of Duhok. First, reconnaissance of the two selected areas of study were performed, and followed by fixing 34 and 10 control points as reference points for both selected areas respectively, which have been used as a reference value for a detailed survey. These points have been established using Leica TS02, GPS, and Digital level DNA03 for measuring the height of all points of the selected areas.
Figure (3 shows the study area and the reference control points. The control point, C12 and C2 were previously surveyed by the university's survey team, 2011 using GPS in static mode with high accuracy and it was considered as a true GCPs.
Figure (3) : The location of the control points in the two selected areas

A. Field Measurements of the Two test Areas
Points in the first test site were distributed over an area of 300 x 540 m and height range between 486 m and 504 m. the selected points were well defined featured points e.g. road curb corner, building corners and road intersections. The survey loop works were carried out from control point C12 and closed to the starting point (C12). The points of the second area spread over 450x700 m and the height range was between 504 m and 557 m. The survey works start from the study area1 passing through the roads around the building which linked to the first study area as illustrated in Figure ( 3. All of these points were measured on the GPS system, Total Station and precise Digital level. The Leica viva differential GPS was used in two test areas as mentioned before. In area 1, the Leica GS10, base station was set up on a highly accurate control point, C12, and its known coordinates can be shown in Figure ( 4, left. This control point (C12) was used as a base station to provide and establish reference points in the area of interest to be used for comparison using Leica GS15 in RTK mode as shown in Figure ( 4, right.
Figure (4) : left, Control pointsC0, C1, C2 and C12 with its known coordinate. Right: GPS-RTK set up on the
Reference point C2 and C12. The GNSS, GS15 receiver was used as a rover for measuring and recording data on the selected points for comparison with total station. The vertical component of these points was also measured. The coordinate system of the point was in WGS84. The spheroid height of all recorded points were converted to geodetic height by subtracting the average difference =17.62 m which is the separation between spheroid and Geoid in the selected area of study. This value is not constant but varies depending on the local geoid in Iraq. This technique (GPS-RTK) was implemented to measure and record all the required points in two selected areas using the known coordinate points (C12) and (C2). The system measured the selected points five times to obtain the reported positional accuracy which was around 8 mm. The height of all points in the study area were based on the first order control point where the orthometric height was known (486.8159 m). The levelling procedure started from the first order point ID (45-16) and closed to FP-05 control point, Figure ( 2. This control point was used for validating the quality of geodetic height in the study area. Differential leveling was carried out on selected points on the two tested areas using Precise Digital level DNA03 with the precision of 0.2mm. A closed-loop leveling procedure was adopted. The measurement was repeated three times, and the average value was taken and stored automatically by the digital level device. The elevation errors obtained from the leveling process were within the allowable accuracy. Since the permissible closure for a level circuit is based upon the lengths of lines or the number of setups, it is logical to adjust the elevation on this basis to get the required precision. Table 1 shows the deviation in height value between GPS and reference (GPS elev. -DL elev. ) Points in area1 have a maximum deviation in the range of -4cm to -8 cm and increase to 18 cm in point F28. While, the maximum deviation in height obtained via TS (TS elev .-DL elev. ) in the range of ± 1cm to ± 4cm and increase to 22cm in point F28. The RMSE of both instruments GPS and TS are close around ± 0.038m. When the point F28 remove from the measurement, the RMSE improved to ±0.015 for TS and ±0.013 for GPS in height measurements. 
B. Results
Figure (5) : Deviation in height measurements, university site area2. Left: GPS versus Reference height (DL).
Right: TS versus Reference height.
THE QUALITY OF GPS IN THE AREA OF STUDY
In the previous section, 4 a, the GPS-RTK technique was implemented to compare the accuracy of all points in two selected areas. RTK was used to measure the selected points five times to get better 3D quality, reported by the receiver, which less than 8 mm. This 3D quality refers to the accuracy of the GPS measurement in relation to the base station. The value of the 3D quality can be small or large depending on the satellite availability and other sources of errors that affect the GPS measurement. The Equation 1 below express the 3D quality ( ℎ ).
Where: is the standard deviation of E, N and h coordinates RTK measurements were taken to compare with the total station measurements; all selected points were surveyed five times so as to evaluate the precision of the measurements. In order to evaluate how much the measurements were close to the established value, the standard deviation and RMS of the RTK measurements were computed using Equation 1 . The results showed that the standard deviations were less than 8 mm in the horizontal coordinate and they reached 16 mm in the vertical coordinate as shown in figure 6 , left, which indicated that the repeated measurements were close to each other. These results were better than the results that were obtained by Jonsson K.O. et al. (2003), the standard deviations for the horizontal and vertical coordinate were 9 mm and 20 mm respectively. While the results of RMS errors of RTK measurements, which indicated the accuracy of the RTK measurements of the reference network (see figure  6 , right), showed that the accuracy of the horizontal coordinates were about a maximum of 12 mm (points F15,20,21,25, 27 and 34) and minimum of 5 mm (point F22). The point F14 was the only point that reached 15 mm. The accuracy of the vertical coordinates ranged between a maximum of 23 mm (point F29) and a minimum of 12 mm (point F11). These errors were attributed to the obstruction of satellite visibility to the GPS receiver. By comparing the results of the accuracy of the horizontal coordinates with the work conducted by Ehsani et al. (2004) , their results were about 10 mm achieved, which were close to each other. This closeness of the results can be explained by compensating for atmospheric delay, orbital errors and other variables in GPS geometry. The accuracy of RMSE and standard deviation of each measurement in area 2 is listed in Table ( 2 and the results were better than area1. This is attributed to the visibility of GPS signals to satellites which were better than area 1 (see figure 3) . Table ( 2) : GPS-RTK measurement, its RMSE and standard deviations -Area2.
A. Measurements of TS and GPS versus Check points
The RMSE and standard deviation for the position (ENh) were also calculated between the RTK mode and Total station coordinates versus check points in the two study areas and the results are shown in Table 3 using  the Equation 2 .
(2) Table ( 
B. Accuracy Analysis
To verify the quality of measurements, the mean value of 10 measurements of the TS and RTK measurements were compared and the results showed that the compatibility between the two measurements were accurate and precise. Table (4 shows that the maximum deviation in the horizontal and vertical position of both areas between TS and RTK were 5 mm and 11mm respectively. The standard deviation of the difference between total station and RTK of the ten measurements were also calculated using Equation 3 and 4. The results showed that the maximum difference in standard deviation of horizontal position was ± 9 mm and ±17 mm in vertical position as shown in Figure (7. ( , Figure (7 shows that the maximum standard deviation of the differences between total station and RTK in the two selected areas for horizontal and vertical components, where in area1 11mm in point (F12) and 17 mm in point (F22) were detected respectively. In area 2, the points detected were 12 mm in point (M8 and M9) and 17mm in points (M2 and M9). The maximum 3D deviation between TS position and RTK position in both areas were 22 mm. While the minimum 3D deviation of the differences between TS position and RTK position in both areas were around 7mm in area1 and 8mm in area2. The average standard deviation (h) differences in vertical position and the total of 3D deviation The average standard deviation differences in height (h) (Tenh) in the two selected areas were close to each other. This means that there were no significant differences in measurements as shown in Figure ( 8. 
LINEAR ACCURACY
Linear accuracy was assessed between surveys instruments used in this paper relative to the actual length. The actual length was measured with steel tape up to millimeter accuracy and considered to be a base for comparison. A test was carried out in regular buildings for the two selected areas of study as illustrated in Figure ( 9. The results were compared between measured lengths in relation to the base (steel tape) as can be shown in Table 5 . The distances of each line as shown in Figure ( 9 were computed using coordinates of each point measured by GPS and TS. While the length of those lines were measured directly using AutoCAD civil 3D software. As shown in Figure ( 10, the high discrepancy in GPS and orthophoto for measured length relative to fixed length (length measured by steel tape) was clearly 1 m in area 1 which was a higher value relative to those measured in area2. The discrepancy in TS for measuring length in both areas relative to the fixed length was more accurate than GPS and orthophotos. This is because the GPS is not accurate when close to the building due to the obstruction of the GPS signal in satellite visibility. While the errors of the aerial photos' resulted from relief displacement in height variations of the selected area of study.
CONCLUSIONS
The purpose of this project work was to evaluate and compare accuracy and precision of surveying techniques (Digital level, TS, GPS and data from orthophotos). The comparison was carried out between Digital level versus TS and GPS-RTK on the reference network; and the accuracy of othophotos encountered to TS and GPS in measuring length on regular features such as buildings and other well defined features. To accomplish the objectives of the paper, three main tasks were implemented. Firstly: a network of 34 and 10 control points were established in two areas respectively with high precision (0.2mm) with Digital level according to the instrument specification, and served as a reference value. Secondly: on the same network, total station and RTK methods were performed to compare the result with that of the digital level. Finally, the linear accuracy of orthophotos of Vossing German company were evaluated in comparison with the survey instrument (GPS and TS) used in this study. It is possible to collect the 3D data of the object rapidly and in detail by the survey instruments mentioned in this research. However, the important steps is to decide the type of sensor to be applied. If there are close range photogrammetry, for instance Terrestrial Laser scanner or a none-metric camera is used instead of orthophotos, they will produce better results. As seen in this study, the measurement differences between the two selected areas are inversely proportional to the accuracy of the sensors used and directly proportional to instrument distance to the objects. Linear accuracy -Area1
